
 

 

Heavy Metal Pollution in Drinking Water: Sources, Health Risks, Monitoring, and 1 

Mitigation 2 

Abstract 3 

Heavy metal contamination in drinking water is a critical global environmental and public 4 

health concern due to the toxic, persistent, and non-biodegradable nature of metals such as 5 

arsenic (As), lead (Pb), cadmium (Cd), mercury (Hg), chromium (Cr), and nickel (Ni). This 6 

paper reviews the sources, occurrence, toxicological impacts, monitoring techniques, 7 

regulatory frameworks, and mitigation strategies associated with heavy metals in drinking 8 

water. Data from multiple geographical regions reveal that anthropogenic activities such as 9 

mining, industrial effluents, agricultural runoff, and inadequate wastewater treatment are 10 

major contributors to elevated heavy metal levels. Chronic exposure can lead to severe health 11 

outcomes including neurological disorders, carcinogenesis, kidney damage, and 12 

developmental issues. The paper examines analytical methods like atomic absorption 13 

spectrometry (AAS) and inductively coupled plasma mass spectrometry (ICP-MS) used for 14 

monitoring, discusses international water quality guidelines, and evaluates remediation 15 

technologies including adsorption, membrane filtration, and phytoremediation. Effective 16 

management requires integrated policies, regular monitoring programs, community 17 

engagement, and investment in treatment technologies. Recommendations emphasize 18 

harmonized standards and innovation in low-cost treatment options. 19 
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1. Introduction 22 

Water is essential for life; however, the contamination of drinking water with toxic heavy 23 

metals poses a significant threat to human health and ecosystems. Heavy metals are natural 24 

components of the Earth’s crust, but anthropogenic inputs have increased their concentrations 25 

in water beyond safe limits (Smedley & Kinniburgh, 2002; WHO, 2017). Unlike organic 26 

pollutants, heavy metals do not degrade and can accumulate in tissues, leading to 27 

bioaccumulation and biomagnification (Duruibe et al., 2007). This paper provides a 28 

comprehensive review of heavy metal pollution in drinking water, focusing on sources, 29 

impacts, monitoring, regulatory frameworks, and mitigation. 30 

2. Sources and Pathways of Heavy Metal Contamination 31 

2.1 Natural Sources 32 

Heavy metals reach water bodies through natural geochemical processes such as weathering 33 

of rocks and volcanic activity. In certain regions, natural arsenic and fluoride contamination 34 

in groundwater is significant (Gupta et al., 2019). 35 

2.2 Anthropogenic Sources 36 

Human activities intensify the mobilization of heavy metals: 37 

 Industrial discharge: Electroplating, battery manufacturing, and tannery effluents 38 

contribute Pb, Cd, Cr, and Ni (Rahman et al., 2018). 39 



 

 

 Mining: Acid mine drainage releases metals including Hg and As into surface and 40 

groundwater (Kumar et al., 2022). 41 

 Agriculture: Use of metal-containing pesticides and fertilizers leads to runoff that 42 

infiltrates water sources (Ali et al., 2019). 43 

 Corroding infrastructure: Old pipes can leach Pb and Cu into drinking water (EPA, 44 

2022). 45 

3. Health Impacts of Heavy Metals 46 

Heavy metals affect multiple organ systems, often with irreversible outcomes: 47 

3.1 Arsenic 48 

Chronic arsenic exposure is linked to skin lesions, cancers, and cardiovascular diseases 49 

(Argos et al., 2015; WHO, 2017). 50 

3.2 Lead 51 

Pb exposure is particularly dangerous for children, causing cognitive deficits and 52 

developmental delays (Liu et al., 2019; Fewtrell et al., 2017). 53 

3.3 Cadmium and Mercury 54 

Cd accumulates in kidneys, causing renal dysfunction, whereas Hg affects the nervous 55 

system, particularly in fetuses (He et al., 2020; Satter et al., 2021). 56 

3.4 Chromium and Nickel 57 

Cr(VI) compounds are carcinogenic, and Ni exposure can provoke dermatitis and respiratory 58 

issues (Apostolopoulou et al., 2020). 59 

4. Monitoring and Analytical Methods 60 

Accurate detection and quantification of heavy metals are critical for risk assessment: 61 

4.1 Atomic Absorption Spectrometry (AAS) 62 

AAS is widely used due to its precision and reliability for metals like Pb and Cd (Kazi et al., 63 

2016). 64 

4.2 Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 65 

ICP-MS offers multi-element analysis with low detection limits, suitable for comprehensive 66 

monitoring (Kazi et al., 2016). 67 

4.3 Other Techniques 68 

X-ray fluorescence (XRF) and electrochemical sensors are employed where rapid screening 69 

is necessary (Tchounwou et al., 2012). 70 

5. Regulatory Frameworks and Water Quality Standards 71 

International guidelines set maximum allowable limits to protect human health. The WHO 72 

recommends limits for As (10 µg/L), Pb (10 µg/L), and Cd (3 µg/L) among others (WHO, 73 

2017). The U.S. EPA’s National Primary Drinking Water Regulations similarly enforce 74 



 

 

maximum contaminant levels (EPA, 2022). However, enforcement challenges persist in low- 75 

and middle-income countries due to resource limitations (Sharma et al., 2019). 76 

6. Mitigation and Treatment Technologies 77 

6.1 Point-of-Use Treatments 78 

Household filters using activated carbon, ion exchange resins, and reverse osmosis can 79 

reduce metal concentrations (Singh et al., 2018). 80 

6.2 Phytoremediation 81 

Certain plants accumulate heavy metals, offering cost-effective remediation for contaminated 82 

waters and soils (McLaughlin et al., 2017). 83 

6.3 Advanced Technologies 84 

Nanomaterials and membrane filtration show promise but face scalability challenges 85 

(Rahman et al., 2018). 86 

7. Discussion 87 

The persistence of heavy metals in drinking water highlights the need for coordinated actions. 88 

Integrating community monitoring, stringent regulations, and investment in infrastructure can 89 

reduce exposure risks. There is a need to adopt low-cost and sustainable technologies, 90 

particularly in resource-constrained settings. 91 

8. Conclusion 92 

Heavy metal pollution of drinking water remains a significant environmental and health issue 93 

worldwide. Effective management requires robust monitoring, strengthened regulatory 94 

compliance, public awareness, and innovation in treatment technologies. Future research 95 

should focus on developing affordable, scalable solutions and understanding long-term health 96 

impacts at low exposure levels. 97 
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